632nd MEETING, CORK 313 being released from dextran, starch, puflulan, maltotriose and panose. In this respect, it is very similar to a glucodextranase having associated glucoamylase activity, recently reported in the bacterium Arthrobacter globijormis 161. Although this bacterial enzyme has much higher activities on dextran and isomaltose than on soluble starch, maltose and nigerose, it has a similar broad-range substrate specificity and exo-mechanism of attack.
Porous inorganic materials such as controlled pore glass (CPG) and controlled pore ceramic (CPC) are used as supports for enzyme immobilization because they provide advantages in the form of high surface area and relative chemical inertness [I] . However, they are also comparatively expensive and therefore it is important to consider inherent stability when long mixing times are required for activation or coupling (of enzymes) to these support materials. In order to evaluate the importance of support stability, a study was made on CPC and CPG employed in the immobilization o f glucose dehydrogenase (EC 1.1.1.47).
The enzyme was immobilized to CPG by cross-linking with glutaraldehyde, and to CPC by covalent binding with l-fluoro-2-nitro-4-azidobenzene (FNAB) [2] . The enzyme was immobilized to CPC using FNAB by a method described by Guirc [3, 4] . First the support was thermal activated by adding 1.56 g of CPC to 15.6 ml of 0.1 M-sodium borate buffer, pH 9.1. To this was added 3 1 ml of ethanol containing 250 mg of FNAB and the mixture was gently stirred magnetically for 20 h at 37°C in the dark. Thc activated CPC was then serially washed with ethanol, 3 Msodium chloride solution and 0.02 M-potassium phosphate buffer, pH 8.0. Glucose dehydrogenase (100 units/mg) was coupled to the activated CPC by mixing 100 mg of enzyme with 500 mg of activated support in 6 ml of distilled water. The coupling reaction was induced photochemically by a focused heam of light from a 24 V/25 W lamp for 12 h at 4 4°C . The immobilized enzyme was washed serially with water. 3 M-sodium chloride solution and 0.12 M-sodium phosphate buffer, pH 7.6.
Immobilization of the enzyme to CPG was performed as described by Goldstein [5]. CPG support ( 3 g) was activated with 30 ml of a 2.5% solution of glutaraldehyde in 0.12 Msodium phosphate buffer, pH 7.6, by mixing for 4 h at 4°C gently on a magnetic stirrer. The activated support was then washed serially with 0.12 M-sodium phosphate buffcr, pH 7.6, and distilled water.
Enzyme was coupled to the activated support by adding 200 mg of activated support to 5 ml of 0.12 M-sodium phosphate buffer, pH 7.6, containing 40 mg of glucose dehydrogenasc (100 unitslmg) and 10.7 mg of NAD, and Abbreviation\ used: CPG. controlled pore gla\\; cPC. controlled Vol. 18 BIOCHEMICAL SOCIETY TRANSACTIONS mixing the components by gentle magnetic stirring for 40 h at 4°C. The immobilized enzyme was washed serially with 0.12 M-sodium phosphate buffer, pH 7.6, 2 mM-sodium borohydride solution, 3 M-sodium chloride solution and 0.12 M-sodium phosphate buffer, pH 7.6.
Assay of glucose dehydrogenase activity was performed at 30°C in 0.12 M-sodium phosphate buffer, pH 7.6, containing 0.15 M-sodium chloride, 1 mM-NAD and 10 mwglucose. Formation of product (NADH) was measured spectrophotometrically at 340 nm.
Early trials with CPC-immobilized enzyme in lowpressure flow system reactors were unsatisfactory due to high pressures encountered at higher flow rates. A small stainless steel h.p.1.c. guard column packed with a mixture of unreacted CPC and CPC-immobilized enzyme in a ratio of 10: 1 was used as a reactor and incorporated into a standard h.p.1.c. system which was used for circulation and detection.
The effect of flow rate on the pressure of the system was monitored and reactor productivity (P,) was calculated according to Vieth et al. [6] . It was found that pressure and I', both increased at the same rate above a flow rate of 1.5 ml/ min. Attempts to further characterize the immobilized enzyme reactor system showed that reactor pressure had increased to dangerous levels of greater than 30 MPa. After re-packing the reactor, pressure was again high due to compaction of the support and fouling of the frits used in the column to hold the support. Samples of support from the various stages of preparation were taken and examined under a microscope at a magnification of x 320. This examination revealed total collapse of the physical structure of the CPC beginning at activation and progressing further at each stage of the preparation (see Fig. 1 ).
A number of alternative methods of mixing were considered and a successful system was developed using a flask shaker. The physical integrity of the support was unchanged by this method of mixing when employed in the various stages of activation and couplings. Procedures designed to handle and manipulate support materials without altering their structural integrity will allow preparation of immobilized enzymes with good support stability. Also because shape and pore size remain intact, reactor designs used in conjunction with low-pressure delivery systems could be considered for use with CPC.
Similar studies with glucose dehydrogenase immobilized to CPG were undertaken and it was found that the physical integrity of the support was maintained throughout the various stages of activation, immobilization and operation in the reactor.
The physical stability of support materials varies considerably and can be significantly influenced by methods of preparation. CPG is physically more stable than CPC and consequently more expensive than CPC. However, the above work has shown that careful monitoring of CPC stability and use of less abrasive mixing methods can improve the physical stability of CPC, particularly when long mixing times are required for immobilization.
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It has become increasingly clear that immobilized proteinases find useful application in a number of areas. These include the production of protein hydrolysates by the combined use of immobilized endo-and exo-proteinases [ l ] under conditions that do not lead to the destruction of asparagine, glutamine or tryptophan, which are normally lost during acid hydrolysis. A potentially valuable application of these systems has been identified in the enzymic synthesis of peptide bonds. For example, human insulin was synthesized in high yield from desalanine (B-30)-porcine insulin and L-threonine t-butyl ester using trypsin immobilized on agarose [ 21. Mercurial derivatives of carboxypeptidase Y immobilized by glutaraldehyde coupling to silica gel have been used for the synthesis of dipeptide esters [3]. In addition, some immobilized proteinases have been studied in the continuous coagulation of milk and in cheese-making [4] .
The choice of support and method of coupling are important factors in the design of suitable reactors. The support material must be inert under the reaction conditions used and the method of attachment, whether by physical adsorption, entrapment or covalent coupling, must allow the retenAbbreviation used: CPG, controlled pore glass. tion of enzyme activity on the support. We have studied the properties of trypsin, papain and thermolysin attached t o controlled pore glass (CPG) and Sepharose by coupling with glutaraldehyde and cyanogen bromide, respectively. These enzymes were chosen as representative examples o f serine, cysteine and metallo-proteinases. The initial results of our study are presented here.
CPG ( 170 A pore size. 200-400 mesh) was silanized with a I Ooh (v/v) solution of 3-aminopropyl triethoxysilane. The silanized glass beads were treated with glutaraldehyde (S%, v/v) in 0.1 M-phosphate, pH 7.0, and then reacted with enzyme solution ( 2 mg/ml in phosphate buffer) for 2 h at room temperature. Cyanogen bromide-activated Sepharose 4B was prepared by stirring 10 g o f Sepharose 4B (Pharmacia) with 0.5 ml of 1 M-CNBr in acetonc. After washing the activated gel the enzyme was added and incubated for 18 hat 4°C.
Enzyme activity was assayed by estimating the amount of trichloroacetic acid-soluble peptides released from casein. The immobilized enzyme reactor had a volume of 100 pl. The substrate solution was held in a thermostatically controlled reservoir and was circulated through the reactor by a peristaltic pump. After passing through the reactor the solution was returned to the reservoir in a dropwise manner. This arrangement acted as a bubble trap and also dispersed concentration gradients. Samples were removed from the product stream and assayed as above. The optimum pH for
